Recently, independent studies have shown that the expression of two integrin chains, β4 and α2, plus the epithelial cadherin are related to tumour progression in human bladder carcinomas. For the first time, we compare the expression of these three cell adhesion molecules using immunohistochemical analysis of consecutive cryosections from a series of 50 bladder tumours. E-cadherin, β4, and α2 were strongly expressed in normal urothelium. A majority of non-invasive bladder cancers stained positively for E-cadherin (62%), whereas only 29% expressed normal positivity for α2, and only 35% for β4. However, most invasive tumours presented an aberrant expression of α2 (81%), β4 (100%), and E-cadherin (75%). We studied the correlation of immunoreactivity with histological grade and stage. The α2 pattern was not correlated with stage and grade. In contrast, loss of normal β4 expression was significantly related to increasing tumour grade and deep invasion with a higher correlation for grade. Finally, E-cadherin expression was highly correlated with stage, but not with grade. Thus our results indicate that, although many invasive bladder tumours presented a disorder in expression of the two integrins α2 and β4, E-cadherin appeared to be a better marker of invasiveness in bladder carcinomas.
Introduction
Integrins and cadherins are two families of transmembranous glycoproteins that act as cell-surface receptors for the extracellular matrix or for other cell-surface molecules [14, 38] . They play a major role during embryonic development and in the maintenance of adult tissue architecture [37] . Experimental evidence indicates that some of these molecules could function as molecular switches controlling the invasive phenotype [16, 44] of tumour cells and the ability of these to metastasise to distant organs [39] .
Two forms of urothelial tumours occur: a non-invasive, low stage type that is the most common and which is predisposed to recurrence, and an invasive, high stage type that frequently leads to metastasis [27] . Because of the unpredictable invasiveness potential of bladder tumours, it has become important to find good prognostic parameters. Thus, many recent studies have been carried out to detect the possible relationship between the expression of some cell adhesion molecules and neoplastic progression in bladder cancer. Previous independent studies have shown that expressions of E-cadherin and of two integrin chains, α2 (linked to the β1 chain) and β4, were disturbed in many invasive bladder cancers, and that these three molecules could be important markers of tumoural progression in neoplastic urothelium [3, 13, 21, 22, 24, 25, 29] . They may thus contribute to an invasive phenotype by a loss of their adherence function. E-cadherin is one epithelial specific cadherin that permits intercellular homophylic adherence which is Ca 2+ dependent. The α2β1 complex (also called VLA2) is an intercellular cell adhesion molecule in many epithelial tissues and the β4 integrin plays a functional role in the hemidesmosomal anchoring complex and thus plays a role in adherence between the lamina propria and the basal layer of the epithelium. The β4 chain is specific to the α6β4 complex and cannot link with any other α subunit than α6.
The purpose of this investigation was to compare the expression of these molecules on the same kind of bladder tumours and to determine which molecule was the best marker for invasiveness in bladder carcinomas. We demonstrate the immunoreactivity of E-cadherin, α2 integrin, and β4 integrin on 50 cancerous bladder tissue sections and comment on our statistical results.
Materials and methods

Specimens
Neoplastic tissues were obtained from 50 randomly selected transurethral resection specimens submitted to the Department of Pathology, at the Hospital of Grenoble. The 45 male and 5 female patients had a mean age of 67 years, with a range from 39 to 92 years. Informed consent was obtained from each patient included in this study. Eighteen specimens were primary bladder carcinomas and among the 50 patients, 8 received chemotherapy or immunotherapy treatment before the resection. Resection specimens without urothelial tumours were used as normal controls. After excision, tissues were immediately snap-frozen in liquid nitrogen-cooled isopentane and then stored at −80 • C. The remaining bladder tissue was routinely fixed in 10% formalin for 24 h and embedded in paraffin. Carcinoma histological typing was performed on these paraffin embedded samples, according to the criteria of the International Union Against Cancer [12] . Among the invasive tumours, one was a squamous cell carcinoma that was not graded. All other tumours were transitional cell carcinomas which were classified as superficial (pTa-pT1) or invasive (pT 2) tumours and further classed according to histological grades (1, 2 or 3).
Antibodies
All primary antibodies were mouse monoclonal antibodies: anti-human β4 chain, clone AA3, IgG1 (Becton Dickinson France S.A, Pont de Claix, France), anti-human VLA2 alpha chain, clone AK7, IgG1 (Novocastra Laboratories Ltd., Newcastle, United Kingdom), and anti-human E-cadherin (E-CD), clone 6H9, IgG1 (Sanbio, Uden, Netherlands).
Immunohistochemical staining
A verification of malignancy and sample staging was made by Giemsa staining on the first frozen section. Additional cryostat frozen sections (8 µm) on silane treated slides were cut from the OCT (Tissue Tek, Miles Inc., Diagnostics Division, Elkhart, United States) embedded tissue. Immunostaining for E-CD, β4 and α2 chains were done on consecutive frozen sections for each tumour sample. For β4 and α2 detection, sections were immediately fixed in acetone (10 min at −20 • C), air dried and stored at −20 • C until use. For E-CD staining, sections were air dried and stored at −20 • C without any fixation.
β4 staining
After rehydration in Tris Buffer Saline 0.1 M pH 7.4 (TBS), non-specific antibody binding was blocked with a 3% BSA in TBS solution (30 min at room temperature, RT). The blocking solution was drained from the slides and the primary antibody AA3 was applied at a dilution of 1/500 in 0.3% BSA in TBS buffer for 1 h at 37 • C. After washing in 0.3% BSA-TBS solution, sections were incubated with alkaline phosphatase-conjugated rabbit anti-mouse IgG (DAKO S.A, Trappes, France) at 1/25 in 0.3% BSA in TBS buffer for 30 min at RT.
α2 staining
The rehydrated section was blocked with 20% normal rabbit serum (DAKO S.A) in TBS for 20 min at RT and then incubated for 30 min at RT with the primary antibody AK7 diluted at 1/50 in 5% normal rabbit serum. Between each antibody incubation, slides were washed with TBS and each antibody was diluted in 5% normal rabbit serum. Immunophosphatase staining was then performed using the streptavidin-biotin-phosphatase technique (DAKO S.A) with biotinylated rabbit anti-mouse IgG (1/300 for 30 min at RT) followed by the streptavidin-biotin-phosphatase complex (30 min at RT).
E-CD staining
After rehydration in 0.1 M TBS pH 7.4 supplemented with 1 mM CaCl 2 (TBS-Ca 2+ ), frozen sections were fixed with 4% paraformaldehyde (prepared in 0.1 M phosphate buffer pH 7.4 containing 1 mM Ca 2+ ) for 30 min, permeability was increased with 0.2% Triton X-100 in TBS-Ca 2+ for 10 min, washed with TBS-Ca 2+ , blocked with normal rabbit serum as for α2 staining, and finally incubated for 1 h at 37 • C with the 6H9 anti-E-CD antibody diluted at 1/20 in TBS-Ca 2+ containing 5% normal rabbit serum. Then immunostaining was performed as for α2 immunodetection. It must be noted that all washes and dilutions were done in TBS-Ca 2+ .
For immunohistochemical staining, alkaline phosphatase activity was developed with the New Fuchsin substrate (DAKO S.A) for 15 min, 6 min, and 12 min, respectively, for β4, α2 and E-CD detection. Sections were finally counterstained with Harris haematoxylin and slides were mounted in aqueous mounting medium Faramount (DAKO S.A). To evaluate the background staining for each immunohistochemistry, negative controls consisted in the primary antibody being replaced by buffer.
Evaluation of immunohistochemical staining
β4, α2, and E-cadherin immunoreactivity were evaluated semi-quantitatively by two independent observers blind to the histological results. As a positive reference, frozen consecutive sections of normal urothelium were immunostained for the three molecules as described above.
β4 evaluation
In normal urothelium immunohistochemistry with the anti-β4 antibody, an intense and regular staining at the junction of the basal urothelial cells and the lamina propria ( Fig. 1E ) was obtained. We considered β4 immunoreactivity as abnormal when the polarised distribution seen in normal bladder was lost or when the basal membrane of the basal layer presented a reduced staining intensity or a total absence of staining [22] .
α2 evaluation
Normal urothelial cells showed strong staining for the α2 chain at the cell borders in all epithelial layers (Fig. 1A) . Tumours with abnormal expression were negative (i.e., a complete absence of immunoreactivity), heterogeneous (when the tumour was composed of positive and negative cells), or presented a cytoplasmic staining.
E-CD evaluation
In normal bladder tissue, E-CD staining was localised on the membrane of all epithelial cells, particularly at cell to cell contacts ( Fig. 2A ). E-CD expression of tumour specimens was evaluated according to a classification established by Shiozaki et al. [32] . The criteria were: normal (uniformly positive with a high density), heterogeneous (with an important fraction of E-CD-negative cells), and uniformly negative. In some cases we also noticed a cytoplasmic immunoreactivity. When this was associated with negative areas, the tumour was classified as heterogeneous. As E-cadherin has to be present at the cell surface to permit a real homotypic adhesion, cytoplasmic staining could imply that the molecule was non-functional. E-cadherin may be detectable in the cytoplasm either because of a failure to translocate or to anchor in the plasmic membrane, or because of an increased production rate. Thus uniform negative, cytoplasmic, and heterogeneous staining was considered as aberrant expression.
Statistical analysis
For statistical analysis, bladder carcinomas were subdivided into normal or aberrant expression for the three cell adhesion molecules and the χ 2 test was used for correlation with pathological data (histological stage and grade). The value of significance was taken as P < 0.05.
Results
Immunohistochemistry on normal bladder tissue
The distribution of the three cell adhesion molecules in normal urothelium is illustrated in Figs 1A, 1E, and 2A. Staining for the α2 integrin was strong at the cell-cell borders throughout all layers of the urothelium (Fig. 1A) . As has already been reported by Liebert [21] and Southgate [34] , we sometimes also noticed an accentuation of the immunoreactivity in the basal cell layers in comparison to the more superficial cells. The localisation of α2 chain at the cell borders was similar to the staining of E-cadherin in normal tissue, suggesting that both these molecules could have a close function in cell to cell adhesion. In fact, the normal urothelium expressed E-cadherin in a uniform and intense array at the intercellular borders, including the superficial cells ( Fig. 2A) . By contrast the β4 chain showed an intense and regular expression in normal urothelium, specifically along the basal lamina at the junction of the basal urothelial cells and the lamina propria (Fig. 1E) . 
Immunohistochemistry on bladder carcinomas
Of 50 samples analysed in this study, 34 were superficial tumours (pTa-pT1) and 16 were poorly differentiated invasive carcinomas (pT2-pT3). The repartition by histological grade showed that 13, 14, and 22 were of grade 1, 2, and 3, respectively (one pT2 tumour was non-graded since it was a squamous carcinoma).
α2 integrin immunoreactivity
29% of low-stage pTa-pT1 and only 19% of invasive pT2-pT3 bladder cancer tissues had a normal expression of the α2 chain (Fig. 1B) as seen in normal urothelium (Fig. 1A) . Therefore the majority of superficial and most invasive specimens presented an altered expression of the α2 integrin ( Table 1) . Most of these showed a cytoplasmic immunoreactivity in all epithelial cells (Fig. 1C) while the others were heterogeneous (data not illustrated) or uniformly negative tumours (Fig. 1D). 
β4 integrin expression
Twelve bladder tumours, all superficial carcinomas, had preserved β4 expression at the junction of the basal layer and the underlying connective tissue (Fig. 1F ) similar to the pattern in normal urothelium (Fig. 1E) , while none of the 16 invasive carcinomas had a normal β4 immunoreactivity. 22 out of 34 (65%) pTa-pT1 tumours and all the invasive pT2-pT3 carcinomas showed an abnormal pattern of the β4 chain ( Table 2 ). The majority of these presented an increased expression of the molecule suprabasally with loss of polarisation: the basal membrane of epithelial basal cells, as well as the basal (Fig. 1G) and suprabasal (Fig. 1H ) layers were positively stained. Moreover, some tumours showed a weak and irregular staining of the basement membrane, suggesting an interrupted distribution of the β4 integrin, or were totally negative, more often in poorly differentiated pT2-pT3 tumours (not illustrated).
E-cadherin distribution
Altogether 25 tumours, representing 62% of pTa-pT1 and 25% of pT2-pT3 tumours, showed a similar pattern (Fig. 2B) to the normal bladder epithelium ( Fig. 2A) , i.e., only at the cell-cell borders in the most epithelial cells, whereas the other 25 tumours presented an abnormal E-cadherin expression. Only 38% of the pTa-pT1 tumours had aberrant E-cadherin expression compared to 75% of pT2-pT3 specimens (Table 3) . Only 2 tumours, which were both classified as pT2G3, were completely negative (data not illustrated). The majority of the others had a heterogeneous immunoreactivity (Fig. 2C) , some areas of the tumour being positive and others negative, or in some cases immunostaining was found in the cytoplasm rather than at the cellular membrane (Fig. 2D) . Negative, heterogeneous, or cytoplasmic patterns were regarded as aberrant expressions of this molecule.
Correlation of the three cell adhesion molecule expression with pathological features
There was one main objective of the statistical analysis. Considering the putative consequences of loss of one cell adhesion molecule like α2, β4 or E-cadherin, i.e., acquisition of an increased invasive and metastatic potential by the cancerous cells, we aimed to evaluate the relationship between the two integrins and E-cadherin expression and pathological characteristics of the tumour, such as stage and grade (Tables 1-3 ). This was accomplished by using the χ 2 statistical test, in which the null hypothesis of no correlation between molecule expression and stage or grade was rejected at the P < 0.05 significance level. Confrontation of the α2 chain expression results with the histopathological data (Table 1) revealed that abnormal α2 expression did not correlate with both stage and grade. It predicted that α2 expression was not a good factor for evaluation of invasiveness, since most tumours presented an aberrant expression whether they were of high or low stage or grade. The loss of normal α2 expression may be also rather a marker of malignancy in bladder tissue. By contrast, the association of β4 expression loss with increasing tumour grade and deep tumour invasion (Table 2) was statistically significant, with a higher correlation according to the grade. Indeed up to 79% of grade 2 and 95% of grade 3 tumours presented an altered expression of the β4 chain in comparison to 38% of grade 1 (Table 2) . Finally no significant differences in E-cadherin expression were found between histological grades 1, 2, and 3. However, the frequency of tumours with abnormal E-cadherin expression was significantly higher in invasive than in well differentiated superficial carcinomas (Table 3) .
Discussion
We studied three important cell adhesion molecules playing a primordial role in maintenance of epithelial integrity, which were α2 and β4 integrins, and the epithelial cadherin. In our study, which covered 50 bladder cancer specimens, we demonstrated that the α2 chain is not a good marker for neoplastic progression in bladder cancer. These results concord with those of Liebert et al. [21] for invasive tumours, who used immunofluorescence and found that 76% of invasive tumours had an aberrant α2 pattern. However, we found more pTa-pT1 tumours with abnormal α2 expression (71%). α2 immunoreactivity has been not intensively studied in other carcinomas. It has been shown that dedifferentiation of oral squamous cell carcinomas [19] , neuroblastomas [8] , breast cancers [20] , and colorectal carcinomas [35] was accompanied by a decrease in α2 expression.
On the contrary, we demonstrated here that β4 integrin expression significantly correlates with both histological stage and grade. As previously reported [22] , most bladder carcinomas, whether superficial or invasive, expressed the β4 chain in an abnormal pattern. Thus it was difficult to conclude that β4 integrin could be a good marker for invasiveness in bladder cancer. A complete loss of the β4 subunit has already been demonstrated in prostate carcinomas [6] and breast neoplasms [20] . Loss of the β4 integrin appears to be an early marker of malignant transformation because it is downregulated in normal portions of cancerous mammary tissues [15] . On the other hand, we found an increase of β4 chain expression for some tumours that is often accompanied by a depolarisation of the molecule. It has been postulated that changes in the phosphorylated state of the β4 unit could explain this particular β4 distribution [4] . In the present study, although β4 expression seemed to be closely related to histological stage, there were many superficial pTa-pT1 tumours with an aberrant β4 chain expression, whereas only 38% pTa-pT1 presented a decreased or disorganised E-cadherin expression.
Thus E-cadherin appeared to be a better marker of invasiveness since 75% of the pT2-pT3 specimens showed an abnormal E-cadherin expression compared to the majority of superficial tumours which had a preserved E-cadherin immunoreactivity. Whereas we found a weaker statistical significance, our repartition of E-cadherin immunoreactivity according to histopathological stages was close to that found in other studies [3, 24, 29] . However, contrary to these three other published findings, we demonstrated that E-cadherin expression did not significantly correlate with histopathological grades. We are unable to explain this discordance with P.P. Bringuier [3] and J.S. Ross [29] , since the number of cases and the repartition of grades was similar to our study. This difference could be due to the fact that we did not study the same tumours. This represents a major issue when studies on tumoural material are compared. On the other hand, Otto et al. [24] have studied a large number of cases (n = 83), that could explain the differences in statistical results and repartition. Thus our study confirmed that abnormal E-cadherin expression is a good marker of tumour progression in bladder carcinoma, but additional studies with larger series are needed to elucidate this finding. The number of pT2-pT3 carcinomas studied should be increased to balance the two categories, although superficial pTa-pT1 carcinomas are most commonly observed in patients with bladder cancer [27] . Because of the unpredictable invasive potential of bladder tumours, it becomes important to find a good prognostic parameter. Therefore a survival analysis which requires a large-scale prospective study will allow us to complement our work and so perhaps to evaluate the possible usefulness of E-cadherin as prognostic factor in bladder cancer. Recently published results of survival analysis [3, 10, 24, 25] are promising since they showed that abnormal E-cadherin expression correlates strongly with poor prognosis, i.e., showed a strong inverse relation to cancer progression and mortality. Thus these studies revealed the potential of E-cadherin immunohistochemistry as a prognostic tool. We note, however, with surprise, that another recent work [13] on 115 patients showed that E-cadherin expression pattern was not a significant prognostic factor for tumour recurrence and survival.
Loss of E-cadherin expression and significant correlation with histopathological data have been welldescribed in a variety of human carcinomas [32] . Thus, decreased E-cadherin expression has been well correlated with high tumour grade and invasiveness in prostate carcinomas [23] and other studies have demonstrated the prognostic value of E-cadherin staining in these neoplasms [10, 40] . Recently, many studies showed correlation of E-cadherin expression with differentiation and invasiveness in a variety of neoplasms such as oesophageal [2] , colorectal [7] , breast [9] , pancreatic [26] , thyroid [30] , cervical [42] , gastric [43] cancers, and many others. Moreover, E-cadherin seems to be a prognostic marker in renal [18] , thyroid [30] , and gastric [43] carcinomas, among others.
It thus seems obvious that E-cadherin is a cell adhesion molecule which plays a primordial function in neoplastic progression of many carcinomas, including bladder carcinomas. But E-cadherin immunoreactivity does not imply that a functional molecule is present. It is possible that some epitopes of the non-functional proteins are recognised by the anti-E-cadherin antibody. The E-cadherin is the central element of the homotypic cell-cell adhesion in epithelium, but E-cadherin function is mediated by three cytoplasmic proteins, α, β, and γ catenins which link E-cadherin to the actin cytoskeleton. It has been shown that some cells do not present homotypic intercellular adhesion since they lack at least one catenin, whereas they have membranous E-cadherin immunoreactivity [31, 41] . Therefore immunohistochemical co-localisation of E-cadherin and catenins could give some information on the functional state of the catenin-cadherin complex. Lack of α-catenin has been observed in many human carcinomas [28, 33, 36] and was significantly correlated with pathological features in breast [36] and oesophageal [17] carcinomas. Nonetheless, even if some tumours are E-cadherin and catenin positive, some mechanisms implying post-translational phenomena, such as tyrosine phosphorylation on β-catenin [10, 11] , may regulate cadherin function. Another mechanism underlying defective E-cadherin function could be mutational inactivation of the E-cadherin gene itself [1] which is located on chromosome 16q22-1, a region which is deleted in certain carcinomas [5] . Moreover different studies have demonstrated a down-regulation of E-cadherin mRNA in various human cancers which could indicate a regulation of the protein expression at the transcription level [7] .
In conclusion, our results indicate that, although many invasive bladder specimens present a disorder of β4 and α2 expressions, E-cadherin appears to be preferable as a marker for invasiveness according to our series of 50 bladder transitional cell carcinomas. E-cadherin seems to be a good factor of malignant transformation, especially in bladder carcinoma, implying that E-cadherin immunohistochemistry may become useful as a prognostic tool in the near future. It might be interesting to determine E-cadherin expression level by quantitative image analysis methods. However, problems are likely to be encountered for tumour areas where cells express E-cadherin both in the cytoplasm and in cytoplasmic membrane which present considerable differences in integrity and the adhesion function of the protein. Difficulties are to be expected in dissociating cytoplasmic expression, which is an abnormal localisation of the protein, from the normal membranous expression.
